whom adequate clinical information was available. A total of 293 patients with OCSCC (mean [SD] age at diagnosis was 62.2 [11.8] years) who received primary surgery, with or without adjuvant treatment, were identified between October 5, 1999, and May 2, 2011. Patient demographics, smoking and alcohol history, staging, and pathologic data (margin status, evidence of lymphovascular invasion, perineural invasion, and extracapsular spread) were obtained. All staging was completed according to the American Joint Committee on Cancer. 9 The study was approved by the Western University's Health Sciences Research Ethics Board. A waiver of informed consent was granted by the institutional review board due to the retrospective nature of this study. The presence of recurrent disease was ascertained in all patients. In patients with evidence of recurrence, the disease was restaged, and smoking status and alcohol use were reassessed at the time of recurrence. If salvage surgery was undertaken, pathologic characteristics were collected as indicated above. Treatment of recurrent disease and survival outcomes were recorded.
Statistical Analysis
Baseline descriptive statistics were generated for all patients with recurrent OCSCC. All subsequent analysis was completed only on the cohort receiving salvage surgery. The primary outcome measure was OS measured from the time of salvage treatment of the recurrent disease until the last known follow-up visit or death (any cause). Recursive partitioning analysis (RPA) was performed on these patients based on baseline patient, tumor, and treatment characteristics for each end point using hazard functions.
Univariate Cox proportional hazards regression was performed to identify significant indicators of prognosis for patients undergoing salvage surgery. Kaplan-Meier estimates were generated for OS and stratified by patients receiving salvage surgery and RPA risk groups. These factors were compared using the log-rank test. Effect sizes are reported in the results with 95% CIs. All statistical analysis was performed using SAS, version 9.4 (SAS Institute) and the R language environment for statistical computing, version 3.1.3 (http://www .r-project.org) using 2-sided statistical testing. Analysis was conducted from December 8, 2015, to February 26, 2016.
Results

Patient Cohort
A total of 59 patients with OCSSC (20%) developed recurrent disease following initial treatment. A summary of baseline characteristics is listed in Table 1 . Complete details are available in the eTable in the Supplement. Median follow-up was 99 months (range, 22-166 months). Mean (SD) time from initial treatment to recurrent disease was 22.4 (18.3) months (range, 1-74 months). Forty-five patients (76%) had local recurrence, 8 patients (14%) had locoregional recurrence, 1 patient (2%) had regional recurrence only, and 5 patients (8%) had distant metastatic disease. Disease recurred in 37 of the 59 patients (63%) within the first 24 months after completion of their primary treatment.
Of the 59 patients, 1 patient (2%) underwent salvage radiotherapy alone, 6 patients (10%) underwent salvage chemotherapy alone, and 4 patients (7%) underwent salvage chemoradiotherapy alone. Nine patients (15%) declined active treatment. Thirty-nine patients (66%) underwent surgical salvage with curative intent. Eight of these 39 patients (21%) underwent adjuvant radiotherapy following salvage surgery, and 8 patients (21%) underwent adjuvant chemoradiotherapy.
Five-year OS from the time of salvage treatment of the recurrence for all 59 patients was 36%. Patients undergoing salvage surgery had a 5-year OS of 43% ( Figure 1) . The median survival for patients receiving nonoperative treatment or palliation was 8 months (range, 0-66), with only 1 patient alive at 4 years (10%).
Univariate Analysis
Results from the univariate analysis for the 39 patients undergoing salvage surgery with curative intent are listed in Table 2 . Univariate variables that estimated OS following salvage surgery included age at first diagnosis, initial T and N categories, treatment modality of the initial primary tumor, pathologic features from the initial surgery (perineural invasion, vascular invasion, and extracapsular spread), age at the time of recurrence, recurrent T category, and pathologic factors from the salvage surgery (perineural and lymphovascular invasion as well as margin status).
Recursive Partitioning Analysis
Recursive partitioning analysis demonstrated that the most important negative prognostic factor for OS was adjuvant radiotherapy or chemoradiotherapy following primary surgery. Age older than 62 years was found to be the second most important negative prognostic indicator. These 2 prognostic factors allowed subdivision into 3 risk groups (Figure 2) . The highrisk group consisted of patients who received prior adjuvant therapy (hazard ratio [HR], 9.41; 95% CI, 2.68-33.04). The intermediate-risk group included patients who did not receive prior adjuvant therapy and were 62 years or older (HR, 2.95; 95% CI, 0.86-10.09). The low-risk group, serving as the reference group, comprised patients who did not receive prior adjuvant therapy and were younger than 62 years. For patients
Key Points
Question What is the prognosis for patients undergoing salvage surgery following locoregional recurrence of oral cavity squamous cell carcinoma?
Findings In this cohort study, the most important determinant of overall survival in patients undergoing curative intent salvage surgery for locoregionally recurrent oral cavity squamous cell carcinoma was adjuvant therapy after primary surgery. Patients who received prior adjuvant therapy had a 5-year survival of 10% compared with 74% in the lowest risk group (no prior adjuvant therapy and younger than 62 years).
Meaning Patients who received adjuvant therapy following primary surgery had significantly worse survival following salvage surgery for locoregionally recurrent oral cavity squamous cell carcinoma.
who underwent salvage surgery with curative intent, the 5-year OS was 54% for those who did not receive prior adjuvant treatment and 10% for those who received adjuvant treatment following primary surgery ( Figure 3) . Median survival was 6 months (range, 0-60 months) for patients in the high-risk group and 31 months (range, 0-126 months) in the intermediate-risk group. In the low-risk group, median survival was not reached.
Functional Outcomes
In patients undergoing salvage surgery, 21 patients (54%) had a gastrostomy tube inserted, with 18 patients (46%) still having a permanent gastrostomy tube at the time of the last followup. In these 18 patients, 7 (39%) individuals were in the highrisk group, 9 (50%) were in the intermediate-risk group, and 2 (11%) were in the low-risk group. Four patients (10%) re- 
Discussion
Our study found a significant difference in prognosis in patients undergoing salvage surgery for OCSCC based on whether adjuvant therapy was received after the initial cancer surgery. Five-year OS was poor in patients whose cancer recurred when the initial treatment procedure was surgery with adjuvant radiotherapy or chemoradiotherapy. Given the low chance of cure with salvage therapy, surgery should be undertaken after careful consideration of the potential surgical morbidity and a realistic chance of long-term disease control. In contrast, 5-year OS was better in patients younger than 62 years whose initial treatment consisted of surgery alone. Salvage surgery for recurrent OCSCC may result in significant morbidity. Selecting patients appropriate for surgical salvage can be challenging because the presentation of the disease is variable and consideration of preexisting comorbidities, prior treatments, and patient goals can result in complexities in decision making. Patient stratification into risk categories may be of value when counseling patients with recurrent OCSCC and determining individualized treatment.
Gañán et al 10 performed an RPA analysis on patients with recurrent head and neck cancers and also found that the modality of initial treatment was an important indicator of patient survival. This study investigated salvage surgery in all head and neck sites and found that the modality of initial treatment was especially important for patients with advanced laryngeal cancer and local node-negative disease. However, initial treatment and prognosis vary widely between sites in the head and neck. This is, to our knowledge, the first study to utilize RPA analysis to stratify patients undergoing salvage surgery for OCSCC.
The modality of the initial treatment for our patients was offered based on the nature and initial presentation of the tumor. Therefore, patients with poor tumor biology (eg, advanced T category), advanced nodal disease, and adverse Overall survival in patients with recurrent oral cavity cancer undergoing salvage surgery compared with those not undergoing salvage surgery. In this cohort, stage, nodal status, extracapsular extension, and disease-free interval were found to be significant prognostic indicators on univariate analysis. However, in the multivariable analysis, only extracapsular spread was an independent prognostic factor for OS. 3 In their cohort, 68% of the patients underwent primary treatment with radiotherapy only, whereas all patients in our study were treated with primary surgery with or without adjuvant therapy. Functional outcome following treatment is a major consideration in treatment choice. The presence of a gastrostomy tube offers an objective and robust measurement of swallowing function. The overall rate of gastrostomy tube dependence in our series (46%) falls within the rate of gastrostomy tubes in the literature of 25% to 50%. 7 However, when gastrostomy tube dependence was stratified by risk groups, the percentage of gastrostomy tube dependency in the high-and intermediate-risk groups was considerably higher. However, the rate in young patients without prior adjuvant therapy was only 15%.
Limitations
This study is primarily limited by the sample size. The population was a highly selected subset of patients who not only had recurrent OCSCC but also was deemed appropriate for curative intent salvage surgery. The strict inclusion criteria enabled a consistent study population but limited our ability to further stratify patients in the RPA model, where terminal nodes of the model were the sample size within each node. Continued patient recruitment may allow further analysis and stratification of patients according to prognosis. Findings may vary, especially in populations with different etiologic factors contributing to OCSCC, such as betel nut use or reverse smoking. Despite these limitations, our findings of diverging OS rates in 3 risk categories may help to guide discussions with patients who have recurrent OCSCC.
Conclusions
Patients undergoing salvage surgery with curative intent for recurrent OCSCC have a poor prognosis. Those who received adjuvant treatment at the time of initial treatment had the worst outcome with a 5-year OS of 10%. Patients who underwent only primary surgery for their initial tumor fared better. This marked difference in OS should be taken into consideration with patient comorbidities, potential morbidity of surgery, and patient goals when deciding treatment options for patients with recurrent OCSCC. 
